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Volure 6 Nurber 2 
CYANONEWS · a newsletter intended to provide cyanobacteriologists with a 
forun for rapid informal corrm.Jnication, unavailable through journals. 
Everything you read in this newsletter is contributed by readers like 
yourself. Published occasionally (about three times per year). 
SUBSCRIPTIONS· $8 U.S. (or equivalent). See last page. 
CONTRIBUTIONS· Expected every couple of years: a new result, an upcoming 
meeting or a sunmary of a past meeting, a post-doctoral opening, a new 
publication, a request for strains, a change of life ... something. 
HOW TO FIND OUT MORE ABOUT SOMETHING YOU READ HERE . Contact the person 
who contributed the news item (note capitalized name). A Directory of 
Cyanobacteriologists is distributed every two years to everyone on the 
mailing list. If you need one, write to Jeff Elhai (see last page). 
INSTRUCTIONS TO AUTHORS· Send news. 
July 1990 
INSIDE: 
* Survey of cyanobacteri a 1 
publications: Jan-May 1990 
* Gene affecting regulation of 
hetercx:yst differentiation 
* Cloned gas vesicle genes 
* Phosphatase activity in 
natural isolates 
* Phosphorylated proteins 
* ~tings 
COPYRIGHT · This newsletter is not copyrighted and no rights are reserved. You are encouraged to reproduce or to 
transmit any part of this publication by whatever means at your disposal, no permission required. 
With this issue, CyanoNews changes in a fe.-1 respects: 
( 1) The 1 i st of pub 1 icat ions at the end of the nB'IS 1 etter nON inc 1 udes RECENT Jl.J~ REFEROCES 
pertaining to cyanobacteria, obtained by a carputerized search of the literature. The list of 
journals scanned is large but by no rreans carplete, and titles that do not include \\Ords related 
to "cyanobacteria" or "blue-green algae" or coorron genera of cyanobacteria may be missed. For 
this reason, consider sending in titles for your articles if you fear they may not be included, 
and certainly do not be discouraged fran giving us notice of your articles before publication! 
(2) The increase in the size of the newsletter (and, one \\OUld hope, its utility) unfortunately 
necessitates the institution of a SUBSCRIPTict-l CI-V'IRGE of $8 U.S. (or equivalent) per year, which 
covers the costs of printing and mail i ng. P~nt may be made in any convertible currency by 
any convenient rreans. Pay for as many years as you l i ke -- your address label will rani nd you 
of the date on which your subscription expires. If you find it difficult to send out convert-
ible currency, send a letter instead, especially one filled with nB'IS. All who read copies of 
this nB-1Sletter are strongly encouraged to contribute, regardless of whether they subscribe. 
(3) A special section called TRJWSITict-lS has been added to the Bulletin Board that chronicles the 
canings and goings of our nurber. While such nB'IS may be of intrinsic interest, it serves a 
practical purpose as \Ell. You may be surprised to read that a fellON cyanobacteriologist is 
planning a visit to your continent -- what better excuse to send out an invitation for a talk at 
your institution? 
(4) CJie major respect in \\hich the newsletter has not changed is that YClJ SUPPLY 11-IE NEWS! All the 
nB'IS itens you read here \Ere sent in by other cyanobacteriologists who \\OUld like to hear what 
you have to say as \Ell. It is expected that every reader is also a contributer every couple of 
years or so: an interesting result, an upcaning meeting -- you decide. 
EULLETIN OOl'ro*BJLLETIN OOAffil1lJLLETIN OOl'ro*BJLLETIN OOl'ro*BJLLETIN OOAffil1lJLLETIN OOAffil1lJLLETIN OOAffik 
The VII INTrn.JATICNl\l... SYMroSILM rn FrnTOSYNlHETIC Pm<ARYOTES will be held July 23-27, 1991 at the 
University of Massachusetts, J'ffl'lerst, Ml\, U.S.A. The total cost of the rreeting will be around $400 to 
$600 U.S., depending on the choice of accarodations. For rrore infonnation contact Clint Fuller, Depart-
rrent of Biochanistry, University of Massachussetts, Jlrrerst, Ml\ 01003 U.S.A. 
The ~ RESEAACH crnFEROCE rn MYCOTOXINS /WJ RNCOTOXINS will be held June 23-28, 1991 in Pl}rrOUth, 
NtW Harrpshire. Topics will include current research advances on toxic cyanobacteria. For rrore infonna-
tion contact Wayne W. Cannichael, Depart:Jrent of Biological Sciences, Wright State University, Dayton, 
Ohio 45435. (Tel) 513-873-3173. (Fax) 513-873-3301. (EMail) ~ICHAELJ.DESIRE@ WSU.Bitnet. 
The Ja.JRNAL OF APPLIED RNCOLffiY \\Ould especially W:!lcare papers on potential or actual CCM'1ERCIAL 
ASPECTS OF CYJll,.ffil\CTERIA. There has been a large response to the ntW journa 1 by authors of seaW:!ed 
papers, but, in spite of the blue-green cover, so far only half a dozen papers on cyanobacteria. 
BRIJIN ~-nnrn rrentions that he holds a substantial COLLECTirn OF OFFPRINTS (approaching ten thousand) on 
topics concerning cyanobacteria and many rrore concerning other microalgae. The collection results fran 
donations of several collections, fran friends, and all the generous people W'lO respond to request cards. 
Although it is irrpossible to send photocopies or loan papers, anyone is W:!lcare to make a visit to use 
the collection (though please phone a fe.-1 days in advance: 091-374-2427). The papers are boxed accord-
ing to topic and year but, regrettably, not catalogued. 
If 10,000 offprints are not enough, then you might be interested in a collection of titles of publica-
tions related to cyanobacteria (328 in nurber) gleaned rrostly fran a carputer search of the 1989 
1 iterature. If interested, send a carputer diskette (3t or 5i'') fonnatted under MS-OOS or PC-OOS to 
Jeff Elhai, MSU-OOE Plant Research Laboratory, Michigan State University, East Lansing, MI 48824 U.S.A., 
or send a rressage to (EMail) 21417BBS@ MSU.Bitnet. 
JJIN SCl-0.JTEN offers a pair of !Altch \\OOden shoes for the person w,o provides him the strain SPI~LINA 
PLATENSIS, SUBSPECIES SIMSE. This strain, isolated fran a salt lake in Ethiopia, is mentioned in sare 
old literature. It should contain restriction endonuclease Spll. Contact Jan Schouten, Microbiology Re-
search Centre Holland, Hudsonstraat 68, 1057 SN frnsterdcrn, The Netherlands. (Tel) 851807 / 5486231. 
(Fax) 891149. 
EmIS GRCIDV sends in a plea for strains of TOXIGENIC CYJll,.ffil\CTERIA. His tM1, Leningrad, obtains water 
only fran the Neva River, w,ich cares fran Ladoga Lake; 70 IQn <May. Eutrophication of the lake and wann 
W:!ather makes the developrent of cyanobacteria a distinct possibility. Bloons of toxigenic species could 
be catastrophic. He needs different sera and other probes in order to detect dangerous organisms, and 
for that purpose he \\OUld greatly appreciate receiving toxigenic strains. He cannot offer convertible 
currency, but sare exchange might be possible. Contact: Boris Grarov, Biological Institute of Leningrad 
University, Oranienballl1Skoye sch.2, Stary Peterhof, Leningrad 198904 U.S.S.R. 
FOSITIO'l AVAILABLE 
CONTACT: John Smith, Division of Biological Sciences, Lancaster University, Bailrigg, Lancaster LAl 4YQ, 
U.K. (Tel) +44-524-65201 ext. 3515. (Fax) +44-524-382212. 
RESEAACH: Analysis of genes expressed during heterocyst differentiation, including gene sequencing and 
in vivo and in vitro transcription studies. The aim of the \\Ork is to identify rrechanisms regulat-
ing the expression of these genes during differentiation. 
REQUIREMENTS: Ph.D. Experience in recarbinant [NI\ techniques preferred but not essential. 
SITE: Lancaster University has a country setting close to the historic city of Lancaster, the lake 
district, and the Lancashire Dales in the north of England. Carprehensive sport and social 
arrenities are available. 
SALARY: £11,000 -£ 13,000 ($19,000 - $21,000 U.S.), depending on age and experience. 
ST.ART: As soon as possible. 
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TRANSITICJ6*TRANSITICJ6*TRANSITICJ6*TRANSITICJ6*TRANSITICJ5*TRANSITICJ6*TRANSITICJ6*TRANSITICJ6*TRANSITIO 
BILL ZI~ has taken a faculty position at the University of Michigan-Dearborn, U.S.A., after several 
years at Washington State University. He is bringing with him an abiding interest in Azolla and sym-
biotic cyanobacteria. 
PETER FAY has rmved fran University College to Queen Mary & Westfield College -- back to \\here he started 
in 1961! 
M.F. FILLAT has just carpleted a postdoctoral stay in the laboratory of Peter Weisbeek and has returned 
to University of Zaragoza, Spain to continue his \I.Ork on cyanobacterial gene expression. 
~llWJEAL Gln3BELAAR has retired fran the University of Pretoria after serving many years as Head of the 
Departrrent of Botany. His \I.Ork has spanned a variety of subjects, starting with studies fran his 
graduate days at Cornell University on novel anino- and imino-acids and their biosynthesis in plants. 
For the past t1t.enty years, ho...ever, nuch of his interest has been devoted to nitrogen fixation by bac-
teria in association with plants. In particular, he has expanded our l<oo.-iledge of cyanobacterial as-
sociations with cyacads of the genus Encephalartos, focusing on the rmrphological and ultrastructural 
characterization of their cyanobacterial S}ffl)ionts. While he can look forward to years of contarplative 
peace atop the nitrogenous root of a spreading cycad, for the next nine months he will have one last 
fling in the laboratory of Tan-Chi Huang, continuing their collaborative study on the endogenous 
nitrogenase rhythm of Synechococcus RF-1. 
ALAN CHAPLIN 
Alan Chaplin (University College of Swansea) died in October 1989 at the tragically early age of 47. A 
graduate of SouthcVTpton University, Alan's original research interest was in the intenrediary metabolism 
of marine invertebrates, but he was best knMl to cyanobacteriologists for our \I.Ork together on N2 fixa-
tion in Gloeothece. Nevertheless, only t\\O years before his death, Alan had left biochenical research in 
order to becCJTE Director of Continuing Education at LC Swansea, a position that admirably suited his en-
thusiasm both for teaching and organization, as 1t.ell as his ability to get on 1t.ell with everyone. As 
those W1<> met him will kJ1o..l, Alan was always smiling and was a cheerful and urbane carpanion as 1t.ell as a 
talented scientist. We have all lost a good friend as 1t.ell as a respected colleague. 
-- John Gallon 
ISOLATED GENE AFFECTS REGULATION OF HETEROCYST DIFFERENTIATION 
BILL llJIKEW\ sends news of a fascinating mutant he has isolated fran Anabaena PCC 7120. Fran a collection 
of 140 mutants unable to gro,J aerobically on media lacking fixed nitrogen he found three that could be 
carplE!ITEnted by a 9.5 kb fragrent. 01E! of these, called strain 216, fails to differentiate heterocysts 
under any g\"Ollth condition. CarplE!ITEntation of strain 216 requires [NL\ carrying a long (897 bp) open 
reading frcl!E (OOF), w,ich is transcribed at a lCM level under conditions of nitrogen sufficiency but at 
a much higher level within 6 hours after the initiation of nitrogen starvation. The presence of the ORF 
on a plasmid in either strain 216 or wild type Anabaena confers a novel phenotype: fixed nitrogen no 
longer represses heterocyst formation and heterocyst frequency is increased under conditions of nitrogen 
starvation, the increase <:Ming mainly to multiple heterocysts. These results suggest that the OOF, which 
he has ncl!Ed hetR, encodes a product that is involved in the regulation of heterocyst differentiation. 
RESTRICTION ENZYMES FROM ANABAENA IDENTIFIED 
J.AN SCI-OJTEN and co.-.orkers offer an update to a previous report [J Gen Microbial (1985) 131:951-958] on a 
fourth restriction endonuc lease present in Anabaena fl os aquae CCAP l 403-13F. They have nCM shCMn that 
this enz}1TE is an isoschizCJTEr of Seal. In addition, a second restriction endonuclease present in 
Anabaena cylindrica CCAP 1403-2 has proven to be an isoschizCJTEr of Barri-II. 
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OPEN READING FRAMES NEAR ATP SYNTHASE GENES IDENTIFIED 
Alison Cozens and JJ-N WALKER found t\\O urdentifioo reading frares, l.RF4 and lff3, adjacent to genes en-
coding the B and £ subunits of ATP synthase of Synechococcus PCC 6301 [J t1>1 Biol (1987) 194:359-383]. 
M. Vodkin a the l.kliversity of Illinois at Urbana-Chanl)aign has identified these l.RFs as halulogues of 
groES and groEL in Escherichia coli. These genes code for heat shock proteins and are chaperonins in-
volved in assarbly of rrulti-subunit carplexes. 
GLOEOTHECE RELEASES AMINO ACIDS WHILE FIXING NITROGEN 
.ntJ GL\LL~, in his studies on the effect of light/dark cycling on nitrogen fixation in Gloeothece, has 
discoveroo that the organism releases amino acids during periods of nitrogen fixation and reassimilates 
than at a later time. The release of anino acids during nitrogen fixation does not appear to be a 
general property of non-heterocystous cyanobacteria. 
STRAIN COLLECTION AIDS STUDY OF P04 METABOLISM, METAL RESISTANCE 
BRIM,J \-A-IITT~ has collectoo several hundroo cyanobactenal strains isolated fran knMl environments for 
the purpose of ansv.ering ecological questions and questions concerning phosphate metabolism and tolerance 
to zinc and cadniun. Every effort was made to minimize the possibility of genetic change during isola-
tion -- axenic clonal isolates \\ere put into liquid nitrogen and/or drioo as quickly as possible. So 
far, every strain screened sho.-.ed cell-bound phosphalunoesterase activity under conditions of moderate 
limitation for phosphate, but the strains differoo considerably in the activities of other cell-bound 
phosphatases. Several strains had very high rates of production of extracellular phosphalunoesterase, 
and it is hopoo that one of these may of carmercial use. Part of the morphological range shMl by the 
Rivulariaceae (e.g. the various species of Calothrix recognizoo in Geitler's flora) appears to reflect 
differing strategies to maximize the uptake of phosphate. u:,,..orkers Jlmit Gupta and Jim Huckle are \\Ork-
ing on genes encoding metallothioneins fran strains of Synechococcus. 
DIFFERENTIAL INDUCTION AND PHOSPHORYLATION OF PROTEINS 
t,.OEL CARR and CCJ.\Orkers Helen Chadd and Dave Scanlan are investigating the control of nutrient uptake in 
the oceanic strain of Synechococcus OC2. They are looking for specific proteins of the outer envelope 
that are induced Wlen the availability of certain nutrients, such as iron, is limiting. The presence or 
absence of such proteins in cells fran natural populations could provide valuable information on the 
nutrient status of these organisms. Nick Mann, another cCJ.\Orker, has collaboratoo with Michael Hercinann 
and Rosi Rippka at the Pasteur Institute (Paris) to study protein kinase activity in Anaba~PCC 7120. 
They have detected phosphorylation of over 25 polypeptides in cell-free extracts to \\hich <l- P ATP has 
been added. The phosphorylation of one particular protein is inhibited in the presence of glucose-6-
phosphate, ribulose-5-phosphate, or ~. Other lON molecular \\eight metabolites inhibit the phos-
phorylation of other polypeptides. A calmodulin antagonist enhances phosphorylation of-certain polypep-
tides and inhibits a nurber of others. 
GAS VESICLES: GENE SEQUENCES COMPARED, QUANTITATIVE MODEL TESTED 
P.AJ.JL '11\YES has continuoo sequencing the gvp operon fran Anabaena flos-aquae. There is one copy of 
gvpC, \\hich codes for the hydrophilic protein on the outside of the gas vesicle, and at least three 
copies of gvpA, \\hich codes for the small hydrophobic protein (GVPa) that fo~ the ribs of the 
structure. Expression of these genes in E. col i is lethal W1en they are carri oo on a high copy nurber 
vector. TOO WALSBY and PPJJL '11\YES have recently publishoo a reviet1 on gas vesicle proteins [Biochan J 
264:313-322]. 
Anne Griffiths and TOO WALSBY have carparoo the N-tenninal anino acid sequences of the outer, 
hydrophilic gas vesicle proteins (GVPc) fran various cyanobacteria and these proteins sh<M less harology 
than GVPa proteins fran the sare organisms. Gas vesicles fran the halophilic cyanobacteriun Dactylococ-
copsis has t\\O outer hydrophilic proteins that have an identical sequence for the first 24-residues and 
are thereafter quite different. They have very lON halulogy with GVPc of other cyanobacteria. 
A collaboration bet\\een Luuc M.Jr's and Tony Walsby's groups was directoo tONards an understanding of 
vertical migration and stratification by cyanobacteria in lakes. JNJJJ KI01<A'v1P and TOO WALSBY have 
developoo carputer models that make prooictions of movanents basoo on the light exposure, speed of the 
response, size of the cyanobacteria, etc. Bas Iberlings and LI.LC MJR have matchoo these prooictions to 
observations made in l)Jtch lakes. Microcystis colonies increase their density in response to the average 
light exposure receivoo during the day. 
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GLUCOSE TRANSPORTER TRANSFORMS SYNECHOCOCCUS R2 TO PHOTOHETEROTROPHY 
FR.Al'roISE ..X>SET and co.,,orkers have succeeded in transfonni ng Synechococcus R2 with !NL\ inc 1 udi ng the 
recently described gene enccx:ling a glucose transport protein. The resulting strain grcMS on OCMJ + 
glucose but very sla.>Jly, too sla.>Jly to consider trying for charoheterotrophic gra.>Jth. The success of the 
selection indicates first that substrate transport is the limiting step for photoheterotrophic gra.>Jth by 
this obligate phototroph and second that the glucose transport protein is sufficient to prarote 
transport. 
GENE ENCODING 9kDA PHOTOSYSTEM II PROTEIN SEQUENCED 
CHRIS HJ..IE and his colleagues have recently isolated and sequenced a gene for the 9kDa protein carponent 
of Photosysten II fran Phonnidium 1 cKT1inosum. CooT>arison of the N-tenninal clllino acid sequence of the 
protein with the sequence of the structural gene indicates that the 9 kDa polypeptide is initially syn-
thesized with the N-tenninal leader sequence of 44 clllino acids. This leader sequence contains a posi-
tively charged N-tenninal region, a long hydrophobic reagion, and a typical cleavage site. It directs 
the protein across the thylakoid rrerbrane. [r.bl Gen Genet (1989) 216:334-339]. 
F\JBLICATICH;*F\JBLICATl~*F\JBLICATICJ&PJBLICATICJ&PJBLICATICJ&PJBLICATICJ&PJBLICATICJ&F\JBLICATICJ.JS*P 
TAXONOMY AND ECOLOGY 
Jensen TE (1989). Thylakoids in aged cyanobacterial cells suggest origin of eukaryotic nuclear 
rrerbranes. Cytobios 60(240):47-61. 
Bonch-OS1TDlovskaya EA, Sokol ova TG, Kostrikina NA, Zavarzin GA (1990) . Desulfurella acetivorans gen. 
nov. and sp. nov. --A new thennophilicsulfur-reducing eubacterium. Arch Microbial 153(2):151-155. 
Islclll MS, Drasar BS, Bradley DJ (1990) . Long-tenn persistence of toxigenic Vibrio cholerae 01 in the 
mucilaginous sheath of a blue-green alga, Anabaena variabilis. J Trop ~ Hyg 93(2) :133-139. 
Proctor LM, Fuhrman JA (1990). Viral mortality of marine bacteria and cyanobacteria. Nature 
343(6253):60-62. 
Saito K, Matsumoto M, Sekine T, MJrakoshi I (1989). Inhibitory substances fran MYriophyllum brasiliense 
on gra.>Jth of blue-green algae. J Nat Prcx:I 52(6):1221-1226. 
Stolz JF (1990). Distribution of phototrophic microbes in the flat laminated microbial mat at Laguna 
Figueroa, Baja California, Mexico. BioSystans 23(4):345-357. 
Storch TA, Saunders GI, Ostrofsky t1.. (1990). Diel nitrogen fixation by cyanobacterial surface bloans in 
Sanctuary Lake, Pennsylvania. Appl Environ Microbial 56(2):466-471. 
Tiano P, TCJT1asell i L, Orlando C (1989). The ATP-bioluminescence rrethcx:I for a rapid evaluation of the 
microbial activity in the stone materials of monurrents. J Biolum Chanilum 3:213-216. 
Garcia-Pichel F, Castenholz ~ (1990) . Carparative anoxygenic photosynthetic capacity in 7 strains of a 
thennophilic cyanobacterium. Arch Microbial 153(4):344-351. 
SYMBIOSES 
Huang TC, Grobbelaar N (1989) . Isolation and characterization of endos.}1rbiotic Calothrix (Cyanophyceae) 
in Encephalartos hildebrandtii (Cycadales). Phycologia 28:464-468. 
Joubert L, Grobbelaar N, Coetzee J (1989). In situ studies of the ultrastructure of the cyanobacteria in 
the coralloid roots of Encephalartos arenarius, E. transvenosus and E. \\OOdii (Cycadales). 
Phycologia 28:197-205. 
Marshall J, Grobbelaar N, JanEs S (1989). Seasonal changes in the nitrogenase activity and other rretabo-
1 i c paranEters of cycad cora 11 oid roots. Bot Bu 11 Ac:adani a Si nica 30: 285-289. 
Marshall J, Huang TC, Grobbelaar N (1989). Carparative morphological and physiological studies on 
cyanobionts of Encephalartos transvenosus. S Avr Tydskr Plantk 55:574-580. 
Osborne Bl\ (1989). CooT>arison of photosynthesis and productivity of Gunnera tinctoria r.bl ina (Mirbel) 
with and without the phycobiont Nostoc punctifonne L. Plant Cell Environ 12(9):941-946. 
Plazinski J, Zheng Q, Taylor R, Croft L, Rolfe BG, Gunning BES (1990). !NL\ probes sha.>J genetic variation 
in cyanobacterial s.}1rbionts of the Azolla fern and a closer relationship to free-living Nostoc 
strains than to free-living Anabaena strains. Appl Environ Microbial 56(5):1263-1270. 
Sannah IJ<, Deka PC (1990). Prcx:luction of Anabaena free Azolla pinnata cultures by antibiotic treatrrent. 
Indian J Exp Biol 28(3) :297-299. 
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Tredici f.R, Margheri t,t, De Phil ippis R, Materassi R (1990). The role of hydrogen rretabol ism in 
photoheterotrophic cultures of the cyanobacteriun Nostoc sp. strain Cc isolated fran Cycas cir-
cinal is L. J Gen Microbiol (in press). 
TOXICOLOGY 
Bloor S, England RR (1989). Antibiotic production by the cyanobacteriun Nostoc rruscorun. J Appl Phycol 
1:367-372. 
Cannichael \.M, Matm:xx:I NA, Hyde EG (1990). Natural toxins fran cyanobacteria (blue-green algae). /llS 
Syrrposiun series #418. pp.87-106. In: Hall S, Strichartz G (eds) Marine Toxins: Origin, Structure 
and Molecular Phannacology. 
Gallon JR, Chit KN, 8rotKl EG (1990). Biosynthesis of the tropane-related cyanobacterial toxin anatoxin-
a: Role of omithine decarboxylase. Phytochanistry 29(4) :1107-1111. 
Gleason Fl< (1990). The natural herbicide, cyanobacterin, specifically disrupts thylakoid rrarbrane struc-
ture in Euglena gracilis strain Z. FEMS Microbiol Lett 68(1-2):77-82. 
Harada K, Kirrura Y, ()Jawa K, Suzuki M, Dahlen Pl-1, Beasley VR, Cannichael \.kl (1989). A net1 procedure for 1 
the analysis and purification of naturally occurring anatoxin-A fran the blue-green alga Anabaena 
flos-aquae. Toxicon 27(12):1289-1296. 
Harada K, Matsuura K, Suzuki M, Watanabe MF, Oishi S, Dahl an Pl-1, Beasley VR, Cannichael \.kl (1990). 
Isolation and characterization of the minor carponents associated with microcystins LR and RR in 
the cyanobacteriun (blue-green algae). Toxicon 28(1):55-64. 
Hooser SB, Beasley VR, Basgall EJ, Cannichael \.M, Haschek-Hock 'M (1990). Microcystin-LR-induced 
ultrastructural changes in rats. Vet Pathol 27(1):9-15. 
Martin C, Sivonen K, Matern U, Dierstein R, Weckesser J (1990). Rapid purification of the peptide toxins 
microcystin-LR and nodularin. FEMS Microbiol Lett 68(1-2):1-6. 
Matsunaga S, Moore RE, Ni eoczura WP, Cannichae 1 \.kl ( 1989) . Anatoxi n-a ( s) , a potent anti cho 1 i nesterase 
fran Anabaena flos-aquae. J ftn Chan Soc 111(20) :8021-8023. 
Sol CM R, Mereish rn, Anderson GI, ~tson J (1990). Effect of microcystin-LR on cultured rat en-
dothelial cells. Med Sci Res 18:241-244. 
PHYSIOLOGY 
Andrianarison R-H, Beneytout J-L, Tixier M (1989). An efl2.}1Tlatic conversion of 1 ipoxygenase products by a 
hydroperoxidelyase in blue-green algae (Oscillatoria sp.). Plant Physiol 91(4):1280-1287. 
Kharutov G, Fry IV, Huflejt ME, Packer L (1990). M:!rbrane 1 ipid carposition, fluidity, and surface 
charge changes inresponse to grCMth of the fresh water cyanobacteriun Synechococcus 6311 under high 
salinity. Arch Biochan Biophys 277(2):263-267. 
Pritzer M, Weckesser J, Juergens W (1989). Sheath and outer rrarbrane carponents fran the cyanobacteriun 
Fischerella sp. PCC 7414. Arch Microbiol 153(1):7-11. 
Van Walraven HS, Schol ts MJC, Koppenaal F, Bake ls ~, Krab K (1990). Dependence of the proton trans-
location stoichiometry of cyanobacterial and chloroplast ~-ATP synthase on the membrane 
carposition. Biochim Biophys Acta 1015(3):425-434. 
Wada H, Murata N (1989). Synechocystis PCC6803 rrutants defective in desaturation of fatty acids. Plant 
Cell Physiol 30(7):971-978. 
Wada H, Murata N (1990). Temperature-induced changes in the fatty acid composition of the 
cyanobacteriun, Synechocystis PCC6803. Plant Physiol 92(4):1062-1069. 
Binder BJ, Chisholm SW (1990). Relationship bet\\een [}JA cycle and grCMth rate in Synechococcus sp.strain 
PCC 6301. J Bacteriol 172(5):2313-2319. 
Francko rn, Taylor SR, Thanas BJ, McIntosh D (1990). Effect of lCM-dose ultrasonic treatrrent on 
physiolO<Jical variablesin Anabaena flos-aquae and Selenastrun capricomutun. Biotechnol Lett 
12(3):219-224. 
Gruber MY, Glick BR, Tharpson JE (1990). Cloned manganese superoxide disrrutase reduces oxidative stress 
in Escherichia coli and Anacystis nidulans. Proc Natl Acad Sci USA 87(7):2608-2612. 
Moore BS, Chen J-L, Patterson (}11.., Moore RE, Brinen LS, Kato Y, Clardy J (1990). Paracyclophanes fran 
blue-green algae. J ftn Chan Soc 112(10):4061-4063. 
Schrretterer GR (1990). Sequence conservation anong the glucose transporter fran the cyanobacteriun 
Synechocystis sp. PCC 6803 and manmalian glucose transporters. Plant tvtil Biol 14(5):697-706. 
Singh S, Kashyap PK (1988). Metabolic characteristics of akinetes of the cyanobacteriun Fischerella 
rruscicola. New Phytol 110:97-100. 
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Vincenzini M, Sili C, De Philippis R, Ena A, Materassi R (1990). Ck:currence of poly-B-hydroxybutyrate in 
Spirulina species. J Bacterial 172:2791-2792. 
Fulda S, Haganann M, Libbert E (1990). Release of glucosylglycerol fran the cyanobacteriun Synechocystis 
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